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MONITORING THE EXPOSURE OF A
PATIENT TO AN ENVIRONMENTAL
FACTOR

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application 1s the U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/EP2015/079816, filed on Dec. 15, 2015, which claims
the benefit of European Patent Application No. 14198307.2,
filed on Dec. 16, 2014. These applications are hereby
incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates to a system and a method for
monitoring an exposure of a patient to at least one environ-
mental factor, such as noise or light. Moreover, the invention
1s related to a computer program causing a processing unit
to carry out the method.

BACKGROUND OF THE INVENTION

The comiort and the recovery of 1ll patients are greatly
influenced by the exposure of patients to noise, light and
other environmental factors. For instance, studies have
shown that hospitals are noisy places and lowering the noise
levels can lead to a shorter length of stay 1n a hospital. In this
respect, the patients’ comiort can be increased and their
recovery can be improved, when the patients are exposed
less frequent to environmental factors such as noise and
light, which exceed disturbing levels.

However, 1n hospitals and other healthcare facilities, it 1s
difficult to control the environmental factors, because these
are often intrinsically linked with the operations necessary to
provide services to the patients. As a consequence, patients
are relatively frequently exposed to disturbances by noise,
light and similar environmental factors, which can be
avoilded only to a limited extent. For example, noise pro-
duced by ventilators or monitor alarms cannot be avoided,

stall cannot care for a patient in a dark patient room, and stail

needs to communicate during work which leads to noise due
to voice. Disturbances are caused at least to some extent by
activities of healthcare stafl, the stafl visiting each patient
several times a day in order to care for them regarding their
basic needs and to provide medical treatments.

Often, these activities of the healthcare stafl prevent the
patients from having the required longer rest periods. In this
respect, an improved planning of such activities could allow
for providing the required rest periods to the patients.

SUMMARY OF THE INVENTION
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It 1s an object of the invention to enable healthcare stafl 55

to act 1n a way such that their patients can have longer rest
periods and i1deally can have the rest periods which are
needed for their recovery. It has been found by the inventors,
that activities ol healthcare stafl which produce noise or
require light are often not well coordinated with the patients’
needs for rest and sleep. Accordingly 1t 1s a further objective
of the mvention to provide automated assistance to health-
care stall for planming activities in such a way that the
patient has a certain longer rest period.

In a first aspect of the invention, a system for monitoring,
the exposure of a patient to at least one environmental factor
1s suggested. The system comprises a receiver module for
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receiving a measurement signal representing a level of the
environmental factor in a vicinity of the patient. Further, the
system comprises a database for storing an environmental
prescription for the patient, the environmental prescription
specilying a maximum level of the environmental factor and
a minmimum duration for the level of the environmental factor
to be smaller than the maximum level. Moreover, the system
comprises an evaluation module configured to compare the
level of the environmental factor with the maximum level on
the basis of the measurement signal, to detect on the basis of
the comparison a time interval in which a level of the
environmental factor 1s substantially permanently below the
maximum level and to compare a duration of the detected
time 1nterval with the minimum duration.

The proposed environmental prescription corresponds to
an 1nstruction to provide a rest period of the minimum
duration to the patient, where 1n this context the term rest
period denotes a time 1nterval in which a level denved from
the measurement signal 1s below the maximum level speci-
fied 1n the environmental prescription. Since the evaluation
module can detect such a rest period and compare the
duration of the detected rest period with the minimum
duration, the system can assist the healthcare stafl to sched-
ule activities, which potentially interrupt or terminate the
rest period, 1n such a way that the patient has a longer rest
pertod with at least the minimum duration specified in the
environmental prescription.

For example, the healthcare stafl may completely refrain
from such activities (if they are not necessary e.g. to keep or
restore the patient’s health) during a detected ongoing rest
period and may schedule such activities for a point in time
when the minimum duration has expired for the ongoing rest
period. In accordance with another possible strategy, the
healthcare stall may refrain from activities disturbing the
patient when the detected ongoing rest period already has a
significant length and when there i1s a significant difference
between the duration of the ongoing rest period and the
minimum duration specified 1n the environmental prescrip-
tion. This strategy 1s based on the assumptions that (1) the
patient can recover in a new rest period when the ongoing
rest period does not have a significant length and that (11) 1t
may be acceptable that the patient has a rest period with a
slightly shorter duration than the minimum duration speci-
fied in the environmental prescription.

In both aforementioned examples, the healthcare stafl can
plan 1ts activities on the basis of the evaluation of the
measurement signal 1n the evaluation module, 1.e. the detec-
tion of an ongoing rest period and the comparison of the
duration of the detected rest period with the minimum
duration 1n the environmental prescription.

Preferably, the evaluation module 1s further configured to
control at least one output unit to output information rep-
resentative of the result of the comparison between the
detected period of time and the minimum duration. Thus, the
healthcare stafl can particularly plan activities that poten-
tially disturb the patient on the basis of the information
provided by the output unait.

The proposed system can be used for monitoring any
suitable environmental factor aflecting the patient. In par-
ticular, the system can be used to monitor environmental
factors which are not completely but to some extend influ-
enced by the healthcare stafl. In specific embodiments, the
environmental factor 1s noise or light.

Preferably, the evaluation module detects a time interval,
in which the level of the environmental time 1s substantially
permanently below the maximum level, when the level of
the environmental factor does not exceed the maximum
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level 1n the time interval. In a further embodiment, the
evaluation module 1s configured to detect a time 1nterval 1n
which the level of the environmental factor 1s substantially
permanently below the maximum level if the level of the
environmental factor 1s permanently below the maximum
level during the time 1nterval except for one or more sections
of the time interval, which are shorter than a predetermined
duration. In this embodiment, the evaluation module does
also detect a rest period 1n case of transgressions of the
maximum level of the environmental factor which do not
last longer than a predetermined duration. This duration is
preferably defined relatively short. Thus, 1n these embodi-
ments, 1t can be taken account of the fact that short noise
“peaks” do usually not strongly disturb the patient.

In a related embodiment, the predetermined duration 1s
defined as function of the level of the environmental factor.
Thus, 1t 1s e.g. possible to define shorter durations for higher
levels of the environmental factor exceeding the maximum
level specified 1n the environmental prescription.

In one embodiment, the environmental prescription speci-
fies at least one period of time in which the level of the
environmental factor should be smaller than the maximum
level for the minimum duration and wherein the evaluation
module 1s configured to check whether the level of the
environmental factor 1s smaller than the maximum level for
the minimum duration within the period of time. The period
of time specified 1n the environmental prescription may
particularly correspond to a predetermined day or to prede-
termined hours on a certain day. Thus, 1t 1s e.g. possible to
specily that the patient should have a rest period of six hours
at a certain day particularly without having to specity the
start time for the rest period. Hence, the patient can have the
rest period 1n accordance with his needs and with schedule
of the care for the patient which does usually not allow a rest
period to occur at any time.

In a further embodiment, the environmental prescription
specifies a plurality of periods of time and specifies for each
of the plurality of periods of time an associated maximum
level of the environmental factor and an associated mini-
mum duration for the level of the environmental factor to be
smaller than the associated maximum level, and the evalu-
ation module 1s configured to detect 1n each of the plurality
of periods of time a time 1nterval in which the level of the
environmental factor 1s below the maximum level associated
with the period of time and to compare the detected time
interval with the minimum duration associated with the
period of time. This embodiment does particularly allow for
specilying individual minimum durations of the rest period
for different periods of time in which the rest periods shall
OCCUL.

Moreover, one embodiment provides that the database
stores at least one further environmental prescription for a
turther patient, the further environmental prescription com-
prising a different maximum level of the environment factor
and/or a diflerent minimum duration for the level of the
environmental factor to be smaller than the maximum level.
This embodiment makes it possible to specity for each of a
plurality of patients an individual maximum level for the
level of the environmental factor and/or an individual mini-
mum duration for the level to be smaller than the maximum
level. Hereby, it 1s particularly possible to adapt the maxi-
mum level or the minimum duration to the patient’s condi-
tion.

In one embodiment, the environmental factor 1s noise and
the environmental prescription specifies individual maxi-
mum noise levels for sound categories of sound events,
wherein the evaluation module 1s configured to detect a
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sound event on the basis of the measurement signal and to
determine a sound category for the detected sound event and
wherein the evaluation module 1s configured to detect a time
interval 1n which a level of the environmental factor 1s below
the maximum level on the basis of a comparison between a
noise level determined for the sound event and the maxi-
mum noise level specified for the sound category of the
sound event. In this embodiment, the maximum noise level
for sound events which are not under the control of the
healthcare stafl may particularly be set higher than the
maximum noise level for sound events produced by the
healthcare stafl. Hereby, 1s made easier for the healthcare

stafl to fulfill the environmental prescription.

Furthermore, one embodiment provides that the system
further comprises a measurement device for substantially
continuously monitoring the environmental factor in the
vicinity of the patient, the measurement device being
adapted to provide the measurement signal. In particular, the
measurement device monitors the environmental factor in
such a way that 1t performs a continuous measurement or
that 1t performs measurements in short time intervals.

In a related embodiment, the measurement device 1s
comprised 1n a patient monitor, the patient monitor being
further configured to monitor at least one vital sign of the
patient. In this further embodiment, the measurement device
ol the system can easily be integrated into a patient monitor
which usually already exists in intensive care units (ICUs),
for example.

In a further aspect of the invention, a method for moni-
toring the exposure of a patient to least one environmental
factor 1s proposed. The method comprises the steps of:

recerving a measurement signal representing a level of the
environmental factor 1n a vicinity of the patient,

obtaining an environmental prescription for the patient,
the environmental prescription specilying a maximum
level of the environmental factor and a minimum
duration for the level of the environmental factor to be
smaller than the maximum level,

comparing the level of the environmental factor with the
maximum level on the basis of the measurement signal,

detecting on the basis of the comparison a time interval 1n
which the level of the environmental factor 1s substan-
tially permanently below the maximum level, and

comparing the detected time interval with the minimum
duration.

In a still further aspect of the present invention, a com-
puter program 1s presented. The computer program 1s
executable 1 a processing unit of a system as defined 1n
claim 1, and the computer program comprises program code
means for causing the processing unit to carry out a method
as defined in claim 13.

It shall be understood that the system of claim 1, the
method of claim 13 and the computer program of claim 14
have similar and/or 1dentical embodiments, 1n particular as
defined 1n the dependent claims.

It shall be understood that an embodiment of the present
invention can also be any combination of the dependent
claims or above embodiments with the respective indepen-
dent claim.

These and other aspects of the invention will be apparent
from and elucidated with reterence to the embodiments
described hereinafter.
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DRAWINGS

In the following drawings:

FIG. 1 shows schematically and exemplarily an embodi-
ment of a monitoring system for monitoring the exposure of
a patient to an environmental factor;

FIG. 2 shows schematically and exemplarily steps of an
embodiment of a method for monitoring the exposure of a
patient to an environmental factor carried out using the
monitoring system shown in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows schematically and exemplarily components
ol a system for monitoring the exposure of a patient 1 to an
environmental factor. The monitoring system may be oper-
ated 1n a department of a hospaital, particularly 1 an ICU of
a hospital. Likewise, the system may be operated in another
healthcare facility, where a patient 1s frequently visited by
healthcare stail. As will be described 1n more detail herein
below, the system provides automated help assistance for
healthcare stall to plan wvisits of the patient and other
activities 1 such way that the patient 1 has sufhlicient
recovery periods without disturbances 1 accordance with an
environmental prescription for the patient 1.

In the following, the monitoring system will be described
with respect to the monitoring and evaluation of noised
aflecting the patient 1. However, the system may be used 1n
a similar way to monitor and evaluate the exposure of the
patient 1 to one or more other environmental factors, such as
light. Moreover, the system will particularly be described
with respect to the monitoring and evaluation of one
patient’s exposure to noise. It will be understood, though,
that the system can simultaneously monitor and evaluate the
exposure of further patients 1 to noise in an analogue way.

In order to determine the patient’s exposure to noise, the
system comprises a measurement device 2 for measuring a
quantity representing the noise level i the vicinity of the
patient 1. For this purpose, the measurement device 2 may
comprise a noise sensor 3 which may be positioned 1n the
arca of the bed 4 of the patient 1. In particular, the noise
sensor 3 may be a microphone measuring sound a manner
known to the person skilled 1n the art. The noise sensor 3 1s
configured to substantially continuously measure the quan-
tity to thereby produce a noise measurement signal which
particularly shows the varnation of noise in the patient’s
vicinity with time. This means that the noise sensor 3
captures the noise level continuously or in small time
intervals. The measurement signal provided by the measure-
ment device 2 may include the measured values of the
quantity monitored by the measurements device 2, or it may
include changes of these values.

In an ICU, there 1s usually a bedside monitor for each
patient 1 which particularly monitors the patient’s vital
signs. In one embodiment of the monitoring system, the
measurement device 2 may be mtegrated into the patient’s
bedside monitor. However, 1t 1s likewise possible to config-
ure the measurement device 2 as a separate device posi-
tioned 1n the vicinity of the patient’s bed 4.

In one embodiment, the noise sensor 3 1s configured as a
microphone. On the basis of the measurements signal the
noise level i the vicimity of the patient can be derived.
Moreover, 1t 1s possible to determine the kind and/or source
of the noise as will be explained in more detail below.

Further, the system comprises a monitoring device 5 for
cvaluating the measurement signal provided the measure-
ment device 2. The monitoring device 5 may be configured
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as a data processing apparatus in which functions for evalu-
ating the measurement signal and related functions are
implemented in the form of soitware modules.

In one embodiment, the monitoring device S 1s configured
as a central device which 1s located remote from the mea-
surement device 2 and which 1s connected to the measure-
ment device 2 via a data network or another suitable data
connection. In this embodiment, the monitoring device 5
may be connected to a plurality of measurement devices 2
monitoring the noise levels in the vicinity of a plurality of
patients 1. In this case, the monitoring device 3 may evaluate
the measurement signal of each measurement device 2 on
the basis of an environmental prescription for the patient 1
associated to the respective measurement device 2. In an
alternative embodiment, the monitoring device 5 may only
evaluate the measurement signal provided by one measure-
ment device 2. Other measurement signals may be evaluated
in further monitoring devices 5 which may be configured
analogously. In this case, the measurement device 2 and the
monitoring device 5 may be part of an integrated apparatus.
In particular, both devices may be integrated into the
patient’s bedside monitor, when such bedside monitor 1s
provided.

The monitoring device 5 comprises a recerver module 6
for receiving the measurement signal provided by the mea-
surement device 2. The evaluation of the measurement
signal on the basis of the environmental prescription for the
patient 1 1s made 1n an evaluation module 7 of the moni-
toring device 3.

The evaluation module 7 obtains the environmental pre-
scription for the patient 1 from a prescription database 8
which may be integrated into the monitoring device as
illustrated 1 FIG. 1 or which may be connected to the
monitoring device 5 via a data network or another suitable
data connection. The prescription database 8 may store
environmental prescriptions for a plurality of patients 1. This
may particularly be the case if the monitoring device 5 1s
configured as a central device evaluating the measurement
signals for a plurality of patients 1.

In accordance with the results of the evaluation of the
measurement signal, the evaluation module 7 controls at
least one output unit 9. Preferably, the output unit 9 1is
configured as a display device providing visual information
corresponding to the result of the evaluation. In addition, the
output unit 9 may be configured to provide an acoustic
output 1n accordance with the result of the evaluation made
in the evaluation module 7. The output unit 9 may be located
remote from the patient’s bed 4, preferably outside the
patient’s room. Such an arrangement of the output unit 9
allows the healthcare stafl to view the provided information
about rest periods for the patient 1 without having to make
a potentially disturbing visit of the patient 1. In particular,
the output unit 9 may be located 1n the nursing station of the
healthcare facility’s department taking care of the patient 1
and/or m a corridor 1n front of the patient’s room.

In a further embodiment, the evaluation module 9 controls
a plurality of output units 9 to show information correspond-
ing to the evaluation of the measurement signal in the
cvaluation module 7. In this embodiment, one output unit 9
may be located 1n the patient’s room 1n addition to one or
more further output unit(s) located 1n the nursery station
and/or another location, such as the corridor in front of the
patient’s room. Here, the output unit 9 1n the patient’s room
may be mntegrated into the bedside monitor of the patient 1.

It shall be understood that the single output unit 9 or the
plurality of output units 9 are not necessarily used for
exclusively showing information provided by the evaluation
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module 7 of the monitoring device 5. Rather, the output
unit(s) 9 may additionally show further immformation, par-
ticularly information relating to the patient 1. In case the
patient 1 1s cared 1n an ICU, where also the patient’s vital
signs are monitored, the output umts 9 may show the
information provided by the evaluation module 7 in addition
to the vital signs, for example.

The environmental prescription for the patient 1 does at
least specily a maximum noise level which 1s also referred
to as noise threshold herein below and a minimum duration
tor which the noise level shall be below the maximum level.
This information particularly corresponds to a prescription
of a rest period having at least the minimum duration.
Preferably, the environmental prescription does also specity
one or more period(s) of time during which the patient 1
shall have a rest period. These periods of time may be days
corresponding to a certain dates or the periods of time may
correspond to hours at certain dates. These hours may
particularly correspond to daytime and nighttime so that for
daytime and nmighttime diflerent rest periods can be specified.
Thus, the environmental prescription may correspond to a
kind schedule for prescribed rest periods for the patient 1.

In a specific example comprising equal rest periods for
several days, the environmental prescription for a patient 1
may provide one rest period of five hours each day or 1t may
provide one rest period of two hours between eight o’clock
in the morming and six o’clock 1n the evening (1.e. during
daytime) and a further rest period of four hours between
eight o’clock 1n the evening and six o’clock 1n the morning
(1.e. during nighttime) each day. In a further example com-
prising different rest periods for several days, the environ-
mental prescription for the patient 1 may provide a rest
period of ten hours at the first day of his stay in the hospital,
a rest period of eight hours at his second day of stay and a
rest period of six hours on his third and fourth day of stay.
By defining different rest periods for several days, account
can be taken of the fact that patients 1 often require shorter
rest periods when their health status improves.

The duration and timing of the rest periods are preferably
specified individually for each patient 1 1n the environmental
prescription assigned to the patient. The specification may
be made by a physician and/or by a medical algorithm on the
basis of medical knowledge and on the basis of the patient’s
conditions including the patient’s age, the patient’s physical
condition and the severity of the patient’s illness or injury.

The maximum noise level included in the environmental
prescription for a patient 1 may likewise be specified indi-
vidually for each patient. In particular, the maximum noise
level for a patient 1 may be set to a maximum value which
does not disturb the patient 1n accordance with the patient’s
ability to perceive sounds. So, a higher maximum noise level
may be specified for a hearing-impaired patient 1 as com-
pared to a normal-hearing patient 1. By such a differentiation
with respect to the noise threshold, 1t can be ensured that
cach individual patient 1 1s not disturbed during the rest
period. At the same time, the healthcare stail 1s not prevented
from actions which cause noise but do not affect a patient 1
due to the patient’s decreased hearing ability. So, 1t may not
be possible to visit the patient’s room without causing noise
above the maximum noise level for a normal-hearing patient
1, but 1t may be possible to visit the room of a hearing-
impaired patient 1 without violating the higher noise thresh-
old set for this patient 1.

Moreover, 1t 1s possible to specily different maximum
noise levels for different rest periods included 1n the envi-
ronmental prescription. In this respect, a higher maximum
noise level may e.g. be specified for the one or more rest
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period(s) for a patient on the first day after a surgery or part
of the first day after a surgery. The reason may be that the
patient 1s still under the influence of an anesthetic in this
period of time and, thus, less sensitive to noise.

In a further embodiment, the monitoring system 1s
capable of detecting and categorizing sound events 1n the
measurement signal provided by the measurement device 2.
Possible sound categories include alarms of medical devices
such as bedside monitors, speech, stafl activity and one
category for other sounds. In the environmental prescription
may specily an individual noise threshold for each sound
category or for certain groups of sound categories. In this
regard, a higher noise threshold may be specified for cat-
cgories corresponding to unavoidable noise, such as, for
example alarms. A lower noise threshold may be specified
for categories corresponding to avoidable noise, such as, for
example, speech. Such a specification of different noise
thresholds makes 1t easier for the healthcare stafl to fulfill the
environmental prescription for the patient 1. In particular, 1t
possible for the healthcare stafl to fulfill a environmental
prescription including such a specification of different noise
thresholds by only avoiding noise which 1s actually pro-
duced under the mnfluence of the healthcare stafl.

The determination of the sound category for a certain
sound event detected in the measurement signal of a mea-
surement device 2 may be made in the evaluation module 7
on the basis of an evaluation of the frequency spectrum of
the measurement signal. In addition, the evaluation module
7 may be capable of determining correlations between the
sound signals captured by plural measurement devices 2
connected to the momtoring device 5. If the evaluation
module 7 finds a strong correlation of such sound signals, 1t
may determine that the corresponding sounds originate from
the same source. On the basis of the sound levels of such
correlated sound events, the evaluation module 7 may then
approximate the location of the sound source. This infor-
mation about the approximate location of the sound source
may be used to determine the sound category i addition to
the information derived from the frequency spectrum.

Exemplary procedures for determining the sound cat-
cegory, which may be used by the evaluation module 7, are
also described 1n the international patent applications WO
2013/057652 and WO 2013/057608.

The environmental prescription for a patient 1 configured
in the aforementioned way may be understood as a recom-
mendation for the healthcare stafl, which the heath care staft
should try to fulfill with the assistance of the momitoring
system. Thus, the healthcare stafl should try to plan its
activities 1n such way that the patient has the rest periods
specified 1n the patient’s environmental prescription.
Hereby, the convalescence of the patient can be accelerated
and improved in further respects. However, 1t will typically
not be required that the environmental prescription 1s strictly
observed by the healthcare stafl. In particular, 1t 1s to be
understood that the environmental prescription shall not
prevent the healthcare stall from necessary actions for
keeping and/or responding the patient’s health, such as visits
to the patients 1n case of potential emergencies.

For evaluating the measurement signal captured by the
measurement device 2 located 1n the vicinity of a certain
patient 1, the evaluation module 7 obtains the environmental
prescription for the patient 1 from the prescription database
8. Moreover, the evaluation module 7 determines from the
environmental prescription the specification for a rest period
which 1s relevant for the time of the evaluation. Thus, the
evaluation module 7 determines from the environmental
prescription the periods of time for which associated rest
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periods are specified. From these periods of time, the
evaluation module 7 selects the period of time which cor-
responds to the time of the evaluation.

At least as long as the prescribed rest period for the
relevant period of time (1.e. the period of time in which the
cvaluation 1s made) has not been completed the evaluation
module 7 evaluates the measurement signal provided by the
measurement device 2 substantially continuously. In par-
ticular, this means that the evaluation module 7 evaluates the
measurement signal 1n consecutive evaluation steps, which
have a small enough time difference. In each evaluation step,
the evaluation module 7 compares a noise level derived from
the measurement signal with the noise threshold specified in
the environmental prescription for the rest period in the
relevant period of time.

In one embodiment, the noise level derived from the
measurement signal corresponds to the signal level at the
time the evaluation step 1s carried out. However, 1t 1s
likewise possible to derive the noise level from the mea-
surement signal 1n another way. For example, the evaluation
module 7 may calculate average noise levels for consecutive
intervals of the measurement signal. The intervals may have
a length of one or several minutes, for example. In principle,
it 1s possible to derive the noise level from the measurement
signal 1n any way known to a person skilled in the art.

If the evaluation module 7 1s capable of detecting and
categorizing sound events in the measurement signal, the
noise level derived by the evaluation module 7 from the
measurement signal corresponds to the level of the dominant
(1.e. loudest) detected sound event in the measurement
signal. This noise level 1s then compared to the noise
threshold specified 1n the environmental prescription for
sound events having the category determined 1n the evalu-
ation module 7 for the detected sound event.

In case the comparison between the noise level derived
from the measurement signal and the relevant noise thresh-
old specified 1n the environmental prescription results 1n the
determination that the noise level 1s above the maximum
noise threshold, the evaluation module 7 judges that no rest
period 1s 1n progress. In response to such a judgment, the
evaluation module 7 may optionally control the output unit
9 to show a corresponding indication. This indication may
also mform the healthcare stafl that a rest period of the
duration specified 1n the environmental prescription 1s pre-
scribed for the patient 1 and that this rest period should occur
within the period of time specified in the environmental
prescription. Also, the evaluation module 7 may calculate
the difference between the remaiming duration of the period
of time and the prescribed duration of the rest period and
control the output unit 9 to output this difference. Thus, the
healthcare stafl 1s informed about the reaming time until the
rest period for the patient should begin. In addition, an
information indicative of the noise level derived from the
measurement signal may be output.

When the evaluation module 7 determines 1n one evalu-
ation step that the noise level derived from the measurement
signal 1s below the relevant maximum noise level specified
in the environmental prescription, the evaluation module 7
judges that a rest period 1s 1 progress. In this case, the
evaluation module 7 further determines the duration of the
ongoing rest period.

For determining this duration, the evaluation module 7
may start a timer in the evaluation step in which 1t has
derived a noise level below the prescribed maximum noise
level for the first time. In each following evaluation step 1n
which the evaluation module 7 derives a noise level from the
measurement signal, which 1s below the prescribed thresh-
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old, the timer 1s incremented. Thus, the value of the timer 1n
cach evaluation step corresponds to the past duration of the
ongoing rest period. This value 1s read from the timer by the
evaluation module 7 1n order to determine the past duration
of the ongoing rest period.

Alternatively, the past duration of the ongoing rest period
1s determined in another way. For example, the evaluation
module 7 may store the time when 1t determines for the first
time that the noise level dernived from the measurement
signal 1s below the relevant prescribed noise threshold. In
cach subsequent evaluation step, 1n which the evaluation
module 7 determines that the derived noise signal 1s still
below the prescribed noise threshold, it may then compare
the current time with the stored time. On the basis of the
difference between both times, the evaluation module 7 may
determine the past duration of the ongoing rest period.

In one embodiment, the rest period can also include one
or more small time 1ntervals of a predetermined maximum
duration, 1n which the noise level exceeds the maximum
level. I several such time 1ntervals occur, a rest period may
be detected when these time intervals are at least separated
by a predetermined time distance. The maximum duration
may be between several seconds and one minute, for
example. The predetermined time distance between the time
intervals may be between ten minutes and one hour or
several hours, for example. Optionally, the maximum dura-
tion may also be defined as a function of the difference
between the maximum level and the noise level, which may
be stored 1n the evaluation module 7. In this configuration,
the rest period may include a tunic interval of a first
predetermined duration 1n which the noise level exceeds the
maximum level by a first maximum amount and/or a time
interval of a second predetermined duration 1n which the
noise level exceeds the maximum level by a second maxi-
mum amount. Moreover, an ultimate noise threshold may be
defined which may not be exceeded. Thus, when the evalu-
ation module 7 determines a noise level above the ultimate
noise threshold during an ongoing rest period, 1t may detect
an end of the period irrespective of the time interval 1n which
the noise level exceeds the ultimate noise threshold.

In these embodiments, the evaluation module 7 does also
continue to detect an ongoing rest period and to determine
its past duration in an analogue manner as described above,
when the noise level exceeds the maximum level for one or
more short time durations. Hereby, 1t 1s taken account of the
fact that short noise “peaks™ do often not strongly disturb the
patient, and the healthcare stafl 1s given the opportunity to
perform necessary action mvolving an increased noise level
for a short period of time without interrupting the detection
of an ongoing rest period. Also, it 1s e.g. possible for the
healthcare stafl to close the door of the patient’s room (what
may 1mvolve a certain noise “peak’™) in order to protect the
patient 1 from expected noise outside the patient’s room.

Upon having determined the past duration of the ongoing
rest period, the evaluation module 7 compares the deter-
mined past duration with the duration of the rest prescribed
for the patient in the environmental prescription. On the
basis of this comparison, the evaluation module 7 deter-
mines the difterence between both durations, which corre-
sponds to the time that 1s still required in order to complete
the ongoing rest period such that the environmental pre-
scription 1s fulfilled.

When the evaluation module 7 has determined 1n one
evaluation step that a rest period 1s 1n progress and upon
having determined the past duration of the ongoing rest
pertod and the difference between this duration and the
duration of the prescribed rest period 1n the relevant period
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of time, this information 1s output by the output unit 9 under
the control of the evaluation module 7. The difference
between the past duration of the ongoing rest period and the
duration of the prescribed rest period may particularly be
output in the form of an absolute time value and/or in the
form ol an indication, such as a percentage value, which
represents the portion of the prescribed rest period which 1s
clapsed within the ongoing rest period. For example, if a rest
pertod of three hours 1s specified in the environmental
prescription and i1 the evaluation module 7 determines a past
duration of one hour for the ongoing rest period, an infor-
mation may be output by the output unit 9 that the rest period
would have to be maintained for two further hours for
tulfilling the environmental prescription and/or that the past
duration of the ongoing rest period corresponds to 33% of
the duration of the prescribed rest period. Instead of a
percentage value or 1 addition thereto, the imndication may
also 1nclude a progress bar or similar graphical indication
illustrating the difference between the past duration of the
ongoing rest period and the duration of the prescribed rest
period.

In addition to the aforementioned information, the rel-
evant information from the environmental prescription, 1.e.
the currently relevant period of time and the duration of the
rest period prescribed for that period of time, and an
information indicative of the noise level derived from the
measurement signal may be output by the output unit 9 as in
the case the evaluation module 7 has determined that no rest
period 1S 1n progress.

By means of the aforementioned information output by
the output unit 9, the healthcare stafl can particularly be
informed about an ongoing rest period of the patient 1 and
about the time for the rest period to be maintained 1n order
to fulfill the environmental prescription. On the basis of this
information, the healthcare stail can plan 1ts activities, such
as visits to the patient 1, 1n such a way that the patient 1
receives the prescribed rest period substantially with the
prescribed duration.

In particular, the healthcare stafl may completely refrain
from activities potentially disturbing the patient during a
detected ongoing rest period and may schedule such activi-
ties for a point in time when the minimum duration has
expired for the ongoing rest period. Or, 1n accordance with
the a less strict strategy, the healthcare stafl may plan
activities 1n such a way that an ongoing rest period with a
past duration of a significant length but also with a signifi-
cant diflerence to the duration of the prescribed rest period
1s not mterrupted. Hereby, 1t 1s possible for the patient 1 to
extend the ongoing rest period substantially to the prescribed
duration and 1t 1s not necessary to begin a new rest period 1n
order to fulfill the environmental prescription. On the other
hand, the healthcare stafl may still consider to interrupt an
ongoing rest period with a past duration of a small length,
such as a length of some minutes for example. In this
situation, only a short duration of the rest period 1s “wasted”
and the patient can still receive the prescribed rest period
casily after the interruption. Moreover, the healthcare stail
may consider to interrupt an ongoing rest period that has
nearly reached the prescribed duration, because the exact
tulfillment of the environmental prescription may not be
required. Other strategies of the healthcare stail to plan its
activities based on the information provided by the moni-
toring system are ol course also possible.

In order to further assist the healthcare statl 1n planning its
activities 1n accordance with the latter strategy, the evalua-
tion module 7 may categorize the determined past duration
of a detected ongoing rest period 1n each evaluation step 1n
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one embodiment of the monitoring system. In this embodi-
ment, at least two categories may be provided: a first
category which corresponds to a situation i which an
interruption of the rest period i1s not preferable but may be
considered, and a second category corresponding to a situ-
ation 1 which greater eflorts should be made to avoid an
interruption ol an ongoing rest period. In accordance with
the strategy described above, the first category may be
allocated 11 the determined past duration of the ongoing rest
period 1s below a predetermined first threshold. As explained
above, this threshold may e.g. be set to several minutes. In
particular, the first threshold may e.g. be between 2 and 15
minutes. In addition, the first category may be allocated it
the ratio between the determined portion of past duration of
the ongoing rest period and the duration of the prescribed
rest period 1s above a predetermined second threshold. For
example, the second threshold may be between 85% and
99%. When the atorementioned conditions are not fulfilled,
1.e. when the determined past duration of the ongoing rest
period 1s above the first threshold and when the radio
between this duration and the duration of the prescribed rest
period 1s below the second threshold, the second category
may be allocated.

In case the evaluation module 7 1s configured to allocate
categories 1n such a way, it may control the output unit 9 to
provide an indication representative ol the allocated cat-
egory 1n each evaluation step. On the basis of this indication,
the healthcare stall can more easily determine whether an
interruption of the ongoing rest period could be acceptable.
In one embodiment, the indication comprises a color for
presenting the output information or a part thereof at the
output unit 9. For instance, the output unit 9 may display the
information or a part thereof 1n a yellow color in case the
first category 1s allocated and in a red color 1n case the
second category 1s allocated.

In the way described above, the evaluation module 7 1s
capable of detecting and ongoing rest period and of com-
paring the past duration of a detected ongoing rest period
with the relevant minimum duration specified in the envi-
ronmental prescription. Moreover the evaluation module 7 1s
capable of detecting that the duration of an ongoing rest
period has reached the minimum duration specified in the
environmental prescription. In particular, the evaluation
module 7 detects such a situation when the determined past
duration of the ongoing rest period 1s equal to or larger than
the prescribed mimimum duration. In this case, the evalua-
tion module 7 may control the output unit 9 to output a
corresponding imnformation. On the basis of this information,
the healthcare stafl may decide to perform a potentially
disturbing activity, for example.

Upon having determined a duration of the ongoing rest
period that 1s equal to or larger than the prescribed duration,
the evaluation module 7 may proceed with the evaluation in
the remaining portion of the relevant period of time specified
in the environmental prescription. Further, 1t may control the
output unit 9 to output an information that the environmental
prescription for the patient 1s fulfilled with respect to the
ongoing period of time.

Alternatively, the evaluation module 7 may proceed with
the evaluation 1n the way described above without compar-
ing the determined duration of the rest period with the
duration for the rest period specified in the environmental
prescription. This does particularly mean that the evaluation
module 7 proceeds with the determination whether or not a
rest period 1s 1n process on the basis of the prescribed noise
threshold. And 1n case a rest period 1s detected, 1t may
determine the past duration of the rest period. This past
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duration may be output by the output unit 9 in order to
inform the healthcare stail about an ongoing rest period and
its past duration. On the basis of this information, the
healthcare stafl can plan activities such that disturbances of
the patient 1 are mimimized also in case the environmental
prescription for the patient 1s fulfilled.

In both aforementioned embodiments, the previously
described evaluation of the measurement signal including
the comparison of the determined past duration of an ongo-
ing rest period with the prescribed duration 1s made again 1n
the subsequent period of time specified in the environmental
prescription.

Further, when the evaluation module 7 has detected on
ongoing rest period in one evaluation step and when 1n the
next evaluation step a noise level 1s denived from the
measurement signal, which 1s above the relevant prescribed
noise threshold, the ongoing rest period of the patient 1 has
ended.

In this case the evaluation module 7 terminates the
determination of the duration of the rest period. This deter-
mination 1s started again for the next detected rest period.
Thus, 1n the embodiments described above, the evaluation
module 7 may reset the timer (1.e. set the timer to zero) when
it determines that the noise level derived from the measure-
ment signal exceeds the relevant maximum noise level in
one evaluation step after 1s has been below the maximum
noise level 1n the preceding evaluation step. Or, the evalu-
ation module 7 deletes the stored start time of the terminated
rest period or marks the stored start time accordingly.
Consequently, the evaluation module 7 can judge in each
cvaluation step that a rest period 1s 1n process if the timer 1s
running (1.e. has a non-zero value) or the start time of the rest
period 1s stored 1n the evaluation module 7 1n an appropnate
form (e.g. without a marking that the associated rest period
has been terminated).

Moreover, the evaluation module 7 proceeds as explained
above with the detection of rest periods of the patient 1 and
with the control of the output unit 9 to output the atoremen-
tioned information upon having detected the termination of
a rest period.

FIG. 2 illustrates steps of an embodiment of a method for
monitoring the exposure ol a patient to noise as 1t may be
carried out 1n the monitoring system described above.

After the start of the method 1n step 201, the measurement
signal representing the variation of noise in the vicinity of
the patient 1 with time 1s captured by the measurement
device 2 1 step 202. Thereupon, the measurement signal 1s
transmitted to the evaluation module 7. In order to evaluate
the measurement signal, the evaluation module 7 obtains
from the prescription database 8 the environmental prescrip-
tion for the patient 1 1 step 203. From the obtained
environmental prescription, the evaluation module 7 deter-
mines the duration of the rest period prescribed for the
current period of time, 1.e. the period of time 1n which the
evaluation 1s carried out. Upon having received the mea-
surement signal from the measurement device 2 1n step 204
the evaluation module 7 derives a noise level from the
measurement signal 1 step 205 1n a way described above.
Then, the evaluation module 7 compares the derived noise
level with the noise threshold specified 1n the environmental
prescription for the rest period 1n the current period of time.
On the basis of this comparison, the evaluation module 7
judges 1n step 206 whether the noise level dernived from the
measurement signal 1s below the maximum noise level
specified 1n the environmental prescription.

In case, the evaluation module 7 judges in step 206 that
the derived noise level 1s not below the maximum noise level
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speciflied 1n the environmental prescription, it may control
the output unit 9 to output information about the rest period
specified 1n the environmental prescription. In particular, the
evaluation module 7 may control the output unit 9 to provide
an mnformation that for the patient 1 a rest period of the given
duration 1s specified within the given period of time (step
207). Then, the evaluation module 7 proceeds to step 204 1n
order to receive and evaluate the next portion of the mea-
surement signal 1n the next evaluation step.

If the evaluation module 7 judges 1n step 206 that the
noise level derived from the measurement signal 1s below
the noise threshold specified 1n the environmental prescrip-
tion, a rest period 1s 1n progress for the patient 1. In this case,
the evaluation module 7 determines the past duration of the
rest period i step 208. This determination includes the
detection of a newly started rest period 1n case the noise
level derived from the measurement signal has been above
the noise threshold specified 1n the environmental prescrip-
tion 1n the preceding evaluation step. Or, 1f the derived noise
level has been below the noise threshold in the preceding
evaluation step, the evaluation module 7 determines a time
value corresponding to the past duration of the ongoing rest
period 1 a way described above.

Thereupon, the evaluation module 7 compares the deter-
mined past duration of the detected ongoing rest period with
the duration of the rest period specified 1n the environmental
prescription (step 209) and judges 1n step 210 whether the
past duration of the detected ongoing rest period 1s smaller
than the duration of the rest period specified in the environ-
mental prescription. If this 1s the case, the evaluation module
7 causes 1n step 211 the output unit 9 to output information
representative of the result of the comparison made 1n step
209. As explained above, this information may include a
time value corresponding to the difference between the
determined past duration of the ongoing rest period and the
duration of the prescribed rest period, or it may include a
percentage value representing the portion of the prescribed
rest period, which 1s elapsed within the ongoing rest period.
In addition, the evaluation module 7 may categorize the
difference between the determined duration of the ongoing
rest period and the duration of the prescribed rest period 1n
accordance with one of a plurality of predetermined catego-
ries. In this case, the evaluation module 7 may also control
the output unit 9 to indicate the allocated category.

Then, the evaluation module 7 proceeds to step 204 1n
order to receive and evaluate the next portion of the mea-
surement signal provided by the measurement device 2 1n
the next evaluation step.

In case the evaluation module 7 determines 1n step 210
that the past duration of the detected ongoing rest period 1s
at least equal to the duration of the rest period specified 1n
the environmental prescription, 1t determines that the envi-
ronmental prescription 1s fulfilled for the current period of
time 1n step 212 and proceeds 1n a way described above.

While the aforementioned embodiments particularly
relate to the monitoring of the exposure of the patient 1 to
noise, the invention 1s not so limited. Rather, the invention
can also be used to monitor the exposure of the patient 1 to
other environmental factors. In particular, the invention can
be used to monitor the exposure of the patient to light. In this
respect, the environmental prescription may specily periods
in which the patient 1 should be exposed to a light intensity
below a predetermined threshold. As in the embodiments
described before with respect to periods 1n which the patient
should not be exposed to noise above a threshold, the
duration of the periods with a low light intensity and time
frames 1n which such periods should occur can be specified
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in the environmental prescription. Moreover, 1t 1s likewise
possible to specily an individual threshold value of the light
intensity for the patient 1 and/or for each prescribed period
with a low light intensity.

In order to determine the light intensity aflecting the
patient 1, the measurement device 2 may comprise a light
sensor which may be positioned in the vicinity of the patient
1. The measurement signal provided by the measurement
device 2 on the basis of the measurements of the light sensor
may be provided to the evaluation module 7 and be evalu-
ated by the evaluation module 7 1n a similar way as 1n the
embodiments described above.

Other vanations to the disclosed embodiments can be
understood and efiected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an”
does not exclude a plurality.

A single unit or device may fulfill the functions of several
items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage.

A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium, supplied together with or as part of other
hardware, but may also be distributed 1n other forms, such
as via the Internet or other wired or wireless telecommuni-
cation systems.

Any reference signs 1n the claims should not be construed

as limiting the scope.

The invention claimed 1s:
1. A system configured to monitor exposure of a patient to
at least one environmental factor, comprising:
a measurement device, comprising at least one of a noise
sensor or a light sensor, configured to:
monitor an environmental factor 1 a vicinity of the
patient continuously or 1n small time intervals, and

provide a measurement signal representing a level of

the environmental factor in the wvicinity of the
patient;
a processing unit comprising:

a recerver module configured to receirve the measure-
ment signal from the measurement device;

a prescription database configured to store an environ-
mental prescription for the patient, the environmen-
tal prescription specilying a maximum level of the
environmental factor and a prescribed minimum
duration for the level of the environmental factor to
be smaller than the maximum level for different rest
periods, wherein the maximum level and the pre-
scribed mimimum duration for the different rest peri-
ods are specified individually for the patient based on
the patient’s ability to perceive the environmental
factor or when the different rest periods occur; and

an evaluation module configured to:
determine, from the environmental prescription in

the prescription database, the prescribed minimum
duration of the environmental factor, and select
the prescribed minimum duration of the environ-
mental factor during a period of time which cor-
responds to a time of evaluation,
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compare the level of the environmental factor
derived from the measurement signal with the
maximum level of the environmental factor during
cach step of the plurality of consecutive evaluation
steps, wherein a timer 1s incremented 1n each step
that the derived level 1s below the maximum level,

detect a time interval, as measured by the timer, 1n
which the level of the environmental factor is
below the maximum level of the environmental
factor, the time interval including one or more
sections 1 which the level of the environmental
factor exceeds the maximum level of the environ-
mental factor for a period shorter than a predeter-
mined duration, and

compare a duration of the detected time interval with
the prescribed mimimum duration; and

a display device configured to receirve control signals

from the evaluation module to display one indication of

a plurality of indications, where each indication of the

plurality of indications comprises a different color, and

wherein each indication 1s representative of a result of

the comparison between the duration of the detected

time interval and the prescribed minimum duration,

wherein:

when the result of the comparison satisfies at least one
condition, then the display displays a first indication
of the plurality of indications signaling to a user that
an interruption may be considered for the patient,
and

when the result of the comparison fails to satisiy the at
least one condition, then the display displays a
second 1ndication of the plurality of indications
signaling to the user that interruptions should be
avoided for the patient.

2. The system as defined 1n claim 1, wherein the envi-
ronmental factor 1s either noise or light.

3. The system as defined 1n claim 1, wherein the prede-
termined duration 1s defined as a function of the level of the
environmental factor.

4. The system as defined 1n claim 1, wherein the envi-
ronmental prescription specifies at least one period of time
in which the level of the environmental factor should be
smaller than the maximum level for the prescribed minimum
duration and the evaluation module 1s further configured to
check whether the level of the environmental factor 1is
smaller than the maximum level for the prescribed minimum
duration within the at least one period of time.

5. The system as defined 1n claim 4, wherein the at least
one period of time corresponds to either a predetermined day
or to predetermined hours on a certain day.

6. The system as defined 1n claim 4, wherein the evalu-
ation module 1s further configured to: detect, in each of the
different rest periods, a time nterval in which the level of the
environmental factor 1s below the maximum level associated
with the rest period, and compare a duration of the detected
time interval with the prescribed minimum duration associ-
ated with the rest period.

7. The system as defined 1in claim 1, wherein the prescrip-
tion database 1s configured to store a further environmental
prescription for a further patient, the further environmental
prescription comprising a diflerent maximum level of the
environmental factor and a diflerent minimum duration for
the level of the environmental factor to be smaller than the
maximum level.

8. The system as defined 1n claim 1, wherein the envi-
ronmental factor 1s noise and the environmental prescription
specifies mndividual maximum noise levels for sound cat-
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egories of sound events, wherein the evaluation module 1s
turther configured to: detect a sound event based upon the
measurement signal, determine a sound category for the
detected sound event based upon an evaluation of a fre-
quency spectrum of the measurement signal, and detect a
time interval 1n which a level of the environmental factor 1s
below the maximum level based upon a comparison between
a noise level determined for the sound event and the maxi-
mum noise level specified for the sound category of the
sound event.

9. The system as defined in claim 1, wherein the mea-
surement device 1s comprised 1n a patient monitor config-
ured to monitor at least one vital sign of the patient.

10. The system as defined in claim 1, wherein the indi-
cation of the plurality of indications that 1s representative of
the result of the comparison comprises a ratio between the
duration of the detected time interval and the prescribed
mimmum duration at each step of the plurality of consecu-
tive evaluation steps.

11. The system as defined 1n claim 1, wherein the one or
more sections of the detected time interval includes at least
two sections 1n which the level of the environmental factor
exceeds the maximum level of the environmental factor, and
the at least two sections are separated by a predetermined
mimmum time distance.

12. The system as defined in claim 11, wherein the at least
two sections include a first section of a first predetermined
duration in which the level of the environmental factor
exceeds the maximum level of the environmental factor by
a first maximum amount and a second section of a second
predetermined duration in which the level of the environ-
mental factor exceeds the maximum level of the environ-
mental factor by a second maximum amount.

13. The system as defined i1n claim 12, wherein the
evaluation module 1s configured to determine when the level
ol the environmental factor exceeds an ultimate threshold
value during the detected time interval and detect an end of
the detected time interval regardless of whether the level of
the environmental factor exceeds the ultimate threshold
value during the first or second section.

14. The system as defined 1n claim 1, wherein the maxi-
mum level and the prescribed minimum duration for the
different rest periods are specified individually for the
patient based on when the different rest periods occur
relative to a time when the patient 1s rendered less sensitive
to the environmental factor.

15. A method for monitoring exposure of a patient to an
environmental factor, the method comprising:

monitoring, by a measurement device comprising at least

one of a noise sensor or a light sensor, an environmental
factor 1n a vicinity of the patient continuously or in
small time 1ntervals;

providing, by the measurement device, a measurement

signal representing a level of the environmental factor
in the vicimity of the patient;

receiving, by a receiver module of a processing unit, the

measurement signal from the measurement device;
obtaining, by the processing unit, an environmental pre-
scription for the patient, the environmental prescription
specilying a maximum level of the environmental
factor and a prescribed minimum duration for the level
of the environmental factor to be smaller than the
maximum level for different rest periods, wherein the
maximum level and the prescribed minimum duration
for the different rest periods are specified individually
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for the patient based on the patient’s ability to perceive
the environmental factor or when the different rest
periods occur;

determiming, by an evaluation module of the processing
unit, from the environmental prescription 1n a prescrip-
tion database, the prescribed minimum duration of the

environmental factor;

selecting, by the evaluation module, the prescribed mini-
mum duration of the environmental factor during a
period of time which corresponds to a time of evalu-
ation;

cvaluating, by the evaluation module, the measurement

signal 1n a plurality of consecutive evaluation steps
during the time of evaluation;
comparing, by the evaluation module, the level of the
environmental factor derived from the measurement
signal with the maximum level of the environmental
factor during each step of the plurality of consecutive
evaluation steps, wherein a timer 1s incremented 1n
cach step that the derived level 1s below the maximum
level;
detecting, by the evaluation module, a time 1nterval within
the period of time, as measured by the timer, after the
level of the environmental factor exceeds the maximum
level of the environmental factor for a period longer
than a predetermined duration;
comparing, by the evaluation module, a remaining dura-
tion of the period of time after the detected time interval
with the prescribed minimum duration; and

displaying, on a display device configured to receive
control signals from the evaluation module, an 1ndica-
tion representative of a result of the comparison, so that
a user 1s informed about a remaining amount of time
until a rest period for the patient should begin.

16. The method as defined in claim 15, wherein the
maximum level and the prescribed minimum duration for
the different rest periods are specified individually for the
patient based on when the different rest periods occur
relative to a time when the patient 1s rendered less sensitive
to the environmental factor.

17. A non-transitory computer-readable medium compris-
ing nstructions executable 1n a processing unit of a system
to cause the processing unit to carry out a method of
monitoring exposure of a patient to an environmental factor,
the non-transitory computer-readable medium comprising;

instructions for receiving, by a recerver module of the

processing unit, a measurement signal representing a
level of the environmental factor 1n a vicinity of the
patient, wherein the measurement signal 1s provided by
a measurement device comprising at least one of a
noise sensor or a light sensor configured to monitor the
environmental factor in the vicinity of the patient
continuously or 1n small time 1ntervals;

instructions for obtaining, by the processing unit, an

environmental prescription for the patient, the environ-
mental prescription specitying a maximum level of the
environmental factor and a prescribed minimum dura-
tion for the level of the environmental factor to be
smaller than the maximum level for different rest
periods, wherein the maximum level and the prescribed
minimum duration for the different rest periods are
specified individually for the patient based on the
patient’s ability to perceive the environmental factor or
when the different rest periods occur;

instructions for determining, by an evaluation module of

the processing unit, from the environmental prescrip-
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tion 1n a prescription database, the prescribed minimum
duration of the environmental factor;

instructions for selecting, by the evaluation module, the
prescribed minimum duration of the environmental

factor during a period of time which corresponds to a
time of evaluation;

instructions for evaluating, by the evaluation module, the
measurement signal in a plurality of consecutive evalu-
ation steps during the time of evaluation;

instructions for comparing, by the evaluation module, the
level of the environmental factor derived from the
measurement signal with the maximum level of the
environmental factor during each step of the plurality
of consecutive evaluation steps, whereimn a timer 1is
incremented 1n each step that the dertved level 1s below
the maximum level;

instructions for detecting, by the evaluation module, a
time interval, as measured by the timer, 1n which the
level of the environmental factor 1s below the maxi-
mum level of the environmental factor, the time inter-
val including one or more sections 1n which the level of
the environmental factor exceeds the maximum level of
the environmental factor for a period shorter than a
predetermined duration;

10
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instructions for comparing, by the evaluation module, the
duration of the detected time interval with the pre-
scribed minimum duration; and
instructions for displaying, on a display device configured
to recerve control signals from the evaluation module,
one 1ndication of a plurality of indications, where each
indication of the plurality of indications comprises a
different color, and wherein each indication 1s repre-
sentative of a result of the comparison, wherein:
when the result of the comparison satisfies at least one
condition, then the display displays a first indication
of the plurality of indications signaling to a user that
an interruption may be considered for the patient,
and
when the result of the comparison fails to satisty the at
least one condition, then the display displays a
second indication of the plurality of indications
signaling to the user that interruptions should be
avoided.
18. The non-transitory computer-readable medium as

20 defined 1n claim 17, wherein the maximum level and the

prescribed minimum duration for the different rest periods

are specified individually for the patient based on when t.

1C

different rest periods occur relative to a time when t

1C

patient 1s rendered less sensitive to the environmental factor.
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